The effect of short periods of high temperature stress on the reproductive development and yield of three Brassica species were studied in a growth chamber experiment conducted for two years. Two genotypes from Brassica juncea L. and one each from B. napus L. and B. rapa L.
INTRODUCTION
High temperature stress is one of the most important but least studied abiotic stresses affecting plant productivity around the world. A field grown crop is under temperature stress for much of the season. The yield losses due to high temperature are large and are often combined with losses from other environmental stresses. The direct effects of high temperature stress depend on the crop species and its adaptability. There is a need to understand the relationship between heat stress and yield for major crops in the semiarid prairie.
Canola (B. napus and B. rapa) and mustard (B. juncea) are important oilseed crops in Canada and the acreage of canola in the Brown and Dark Brown soil zones of the Canadian prairies, where it has not been traditionally grown, is increasing. Canola is a cool season crop and is believed to suffer from high temperature stress. Mustard is reported to be better adapted than canola to semiarid prairie conditions. Research on the direct effect of high temperature stress on Brassica species is limited. Hence, there is an urgent need for evaluating high temperature stress characteristics of Brassica species to predict its suitability and proper management for the semiarid prairie cropping system.
The aims of the current study were to determine the most sensitive crop growth stage for high temperature stress in three oilseed Brassica species, the variation in critical temperature among the Brassica species, and to assess whether canola quality Brassica juncea is more tolerant to high temperature than the other Brassica species. Finally, the Brassica species were evaluated for their ability to recover from heat stress.
MATERIALS AND METHODS
The experiment was conducted at the Semiarid Prairie Agricultural Research Centre (SPARC), AAFC, Swift Current, Canada during 1997 -1998 and 1998 -1999 . All plants were grown in a controlled environment chamber at 20/15 /C day/night temperature until the high temperature treatments were imposed. High temperature treatments were imposed in a growth cabinet for 7 days either at early flower or at early pod stages. After heat stress treatment plants were returned to 20/15 /C growth chambers. Five temperature regimes were used: 1) control = continuous 20/15 /C; 2) 28/15 /C at early flower; 3) 28/15 /C at early pod; 4) 35/15 /C at early flower; and 5) 35/15 /C at early pod. Four Brassica spp. genotypes were used in this study: J90-4316, a "canola-quality"B. juncea breeding line developed at the AAFC Saskatoon Research Centre (pers. comm., Dr. G. Rakow, Research Scientist, Canola Genetics); Oriental mustard (B. juncea) cv. Cutlass; Argentine canola (B. napus) cv. Quantum; and Polish canola (B. rapa) cv. Maverick (1997) and cv. Parkland (1998) .
The experimental design was a split plot, with temperatures as main plots and genotypes as sub-plots. The experiment was repeated twice. Common observations (DM, seed yield and HI) from the first and the second run were pooled after testing the homogeneity of error variance using Bartlett's test and analyzed using a split-split-plot design (GLM procedure, SAS Institute Inc., Cary, NC). The separate observations made during each run were analyzed using a split-plot design. Fisher protected LSD was used for all mean separation analysis.
RESULTS AND DISCUSSION WHOLE PLANT RESPONSE.
Both temperature and genotypes influenced seed yield significantly. response is similar to the pooled whole plant yield response of all genotypes. This suggests that the optimum daytime temperature for seed yield of the main shoot of Cutlass and J90-4316 is closer to 28 /C than to 20 /C or 35 /C. In contrast, the decrease in seed yield of the main shoot at 28/15 /C at flowering for Quantum (which was similar to whole plant yield response), although not statistically significant, suggest that the optimum for Quantum may be lower than 28 /C. All genotypes typically have a narrow optimum temperature range and temperatures either side of that optimum range reduces seed yield. The main stem yield indicates that Argentine canola may have a cooler optimum temperature range than B. rapa or B. juncea.
Upon exposure to one week of high temperatures, all plants were returned to the control (20/15 /C) growth chambers where all three Brassica species recommenced flowering. However, B. napus subjected to 35/15 /C @ Early Flower produced abnormal pods, which were plump and short (Fig. 1) . Previous results attributed this to failure of fertilization at high temperature, leading to parthenocarpy. Source-sink balance plays a significant role in the normal development of reproductive organs in plants. Heat stress alters the source sink balance. Heat shock initiates leaf senescence and remobilisation of photosynthates. When the temperature stress was relieved, most of the stored photosynthate may have surged to the pods (sink). Retarded development of reproductive organs could not properly assimilate the flush of photosynthate, leading to bulged, short pods.
CONCLUSIONS
All Brassica species were most adversely affected by heat stress of 35/15 /C at the early flowering stage. Optimum temperature for B. napus appears to be lower than optimum temperature for B. juncea and B. rapa. Generally, as temperature increased, the number of pods produced by the plants increased and seed weight decreased. Across genotypes, the number of seeds produced by the main stem (as well as the number of fertile pods) was dependent upon temperature and developmental stage. Dry matter yield was relatively unaffected by temperature. Harvest index was reduced by 35/15 o C @ Early Flower because the portion of dry matter used for reproductive development did not contribute to seed yield but rather to sterile pod formation. This observation further supports our hypothesis that high temperature had a direct effect on the formation of reproductive organs. 
